Abstract. We present the results of a deep optical survey in the Corona Australis and Chamaeleon II star forming regions. Our optical photometry is combined with available near-and mid-infrared photometry to identify very low-mass candidate members in these dark clouds. In our Chamaeleon II field, only one object exhibits clear Hα emission, but the discrepancy between its optical and near-infrared colours suggests that it might be a foreground star. We also identify two objects without Hα emission that could be planetary mass members of Chamaeleon II. In Corona Australis, we find ten stars and three brown dwarf candidates in the Coronet cluster. Five of our new members are identified with ISOCAM sources. Only two of them have a mid-infrared excess, indicating the presence of an accretion disk. On the other hand, one brown dwarf candidate has a faint close companion, seen only in our deepest I-band image. For many of the candidates in both clouds, membership could not be inferred from their Hα emission or near-infrared colours; these objects need spectroscopic confirmation of their status.
Introduction
Surveys for very low-mass stars and brown dwarfs in star forming regions and young clusters are of great importance to understand the formation and early evolution of these objects, and to address the problem of the universality of the initial mass function (IMF) in the low-mass regime. Many such surveys have been carried out in the past years (e.g. Béjar et al. 1999; Wilking et al. 1999; Barrado y Navascués et al. 2001; Martín et al. 2001; López Martí et al. 2004 . In parallel, spectroscopic studies of young very low-mass objects have been performed searching for signatures of accretion and mass loss (e.g. Fernández & Comerón 2001; Comerón et al. 2003; Jayawardhana et al. 2002 Jayawardhana et al. , 2003 Mohanty et al. 2005) , and mid-infrared observations have started to unveil the structure of circum(sub)stellar disks (e.g. Natta & Testi 2001; Testi et al. 2002; Sterzik et al. 2004; Mohanty et al. 2004) .
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Since the observations show that young brown dwarfs and young very low-mass stars have similar properties, it seems most likely that they form by a similar process, namely the collapse and fragmentation of a molecular cloud core. It is not yet clear, however, what mechanism prevents a brown dwarf core from becoming a star. While some models try to explain the observed numbers of substellar objects by turbulent collapse (e.g. Padoan & Nordlund 2002) , other authors invoke the concurrence of an external mechanism to stop the core growing process, such as winds and/or the ionizing radiation from a nearby hot massive star (Whitworth & Zinnecker 2004) , or ejection from a multiple system (Reipurth & Clarke 2001; Bate et al. 2003; Delgado Donate et al. 2003) .
In this paper, we present the results from our optical multi-band survey for very low-mass objects in two nearby star forming regions, the Corona Australis and the Chamaeleon II dark clouds. They are very suitable to investigate the problem of low-mass star and brown dwarf formation because of their proximity and high Galactic latitude, implying low contamination from background objects. We followed the same method as in our previous sur- Paper 2). The paper is structured as follows: First we summarize the characteristics of our chosen regions in Sect. 2. In Sect. 3, we describe our observations, as well as the data reduction and photometry procedures. The survey results are presented in Sect. 4. The properties of the newly identified cloud members are discussed in Sect. 5 and 6. We finish with the conclusions in Sect. 7.
Surveyed regions

Corona Australis
At a distance of 130 pc (Marraco & Rydgren 1981) , the Corona Australis molecular complex is a close and interesting site of star formation. Dominated by a centrally condensed core near the emission-line star R CrA, this region is characterised by strong concentrations of molecular material (Loren 1979) . The cloud contains several bright infrared sources and Herbig-Haro objects (see Wang et al. 2004; Graham 1991 , and references therein). Especially relevant was the recognition of a number of heavily obscured low-mass stars in the R CrA cloud core making up a compact embedded cluster named "the Coronet" (Taylor & Storey 1984) .
The young stellar population has been studied by means of Hα surveys (Marraco & Rydgren 1981) , optical spectroscopy (Walter et al. 1997) , infrared mapping (e.g. Wilking et al. 1992 ) and X-ray observations (e.g. Patten 1998; Neuhäuser et al. 2000) . Although no bonafide brown dwarfs are yet known in Corona Australis, deep infrared surveys have started to provide some good candidates (Wilking et al. 1997; Olofsson et al. 1999 ). More recently, Fernández & Comerón (2001) reported on an object in the transition from stars to brown dwarfs seen in the direction of the R CrA core. This object, LS-RCrA 1, shows indications of intense accretion and mass loss in its spectrum, and provided the first observational evidence that such processes take place in young objects with masses down to the substellar boundary (see also Barrado y Navascués et al. 2004a) . Objects similar to LSRCrA 1 have been later discovered in other star forming regions (e.g. Comerón et al. 2003 ; Barrado y Navascués & Jayawardhana 2004b).
Chamaeleon II
The Chamaeleon star forming complex consists of three dark clouds, named Chamaeleon I, II, and III. The largest and best studied of the three is Chamaeleon I: With an estimated age of about 3 Myr, it contains more than 150 known young stars (e.g. Schwartz 1991; Gauvin & Strom 1992) . This cloud has also been surveyed for brown dwarfs (e.g. Comerón et al. 2000 Comerón et al. , 2004 Luhman 2004a) . In particular, we identified 44 low-mass stars and 27 new brown dwarf candidates in a WFI survey of an area of about 1.2 deg 2 in Chamaeleon I (Paper 1). Chamaeleon II seems to be at an earlier stage of evolution than Chamaeleon I, because it contains more embedded than visual objects (e.g. Gauvin & Strom 1992) . This dark cloud has an extension of about 1.5 deg 2 and lies at an estimated distance of 178 pc (Whittet et al. 1997) . Surveys by several authors have identified at least 19 T Tauri stars in this star forming region (Schwartz 1977; Gauvin & Strom 1992; Hughes & Hartigan 1992) . It also contains an embedded Herbig Ae star, IRAS 12496-7650 (Hughes et al. 1991 ). More recently, Young et al. (2005) identified more than 40 potential young stellar objects in this cloud in a Spitzer-MIPS survey, including two previously unknown sources with 24µm excesses.
Up to now, no bona-fide brown dwarfs are known in Chamaeleon II. Recently, Vuong et al. (2001) presented a list of 51 new objects in this region from the DENIS survey with I −J colours suggesting that they may be very low-mass stars or brown dwarfs. Low-and mid-resolution spectra of some of these objects were recently provided by Barrado y Navascués & Jayawardhana (2004b) , who could only confirm one candidate, C41, as a Chamaeleon II member, with a mass near the substellar boundary. This object also shows signatures of accretion and outflow in its spectrum.
Observations
Our optical survey was carried out in May 1999 using the Wide Field Imager (WFI) at the ESO/MPG 2.2-m telescope on La Silla Observatory (Chile). This eight-chip mosaic camera has a field of view of about 34 ′ ×34 ′ and a spatial resolution of 0.238 ′′ /pixel. In Corona Australis, two WFI fields were observed, covering a total area of about 0.6 deg 2 in this dark cloud (see Fig. 1 ). One of the fields (CrA-4) contained the intermediate-mass star R CrA and the Coronet cluster. In Chamaeleon II, we observed only one WFI field, located to the north-west of the densest part of the cloud (see Fig. 2 ). Part of a dense cloud core can be seen towards the western part of the field, which contains a few previously known T Tauri stars (Schwartz 1991) .
We observed in two broad-band filters, R and I, in a narrow-band filter centred on the Hα emission line (Hα/7), and in two medium-band filters, M 855 (855/20) and M 915 (915/28). The last two allow for a photometric spectral type classification (see Sect. 4.3 below). For each field and filter, except for Hα, we took three exposures with different exposure times, in order to prevent the brightest T Tauri stars (TTS) from saturating. For the Hα filter only two different exposure times were used (see Table 2 ). The average seeing was ∼ 1 ′′ . Data reduction, object search, and photometry were performed within the IRAF environment.
1 The images were first bias-subtracted and flatfielded. After this process, an irregular illumination pattern remained, which was corrected by division through an illumination mask. The reddest filters (I, M 855, and M 915) also showed a strong fringing pattern. To correct for it, it was necessary to subtract a fringe mask from the reduced images. Both masks were created by combination of the science exposures (see for more details).
An object catalogue of each surveyed field was produced by running SExtractor (Bertin & Arnouts 1996) on the longest I exposures. Aperture and PSF photometry was performed using standard routines from the DAOPHOT package (Stetson 1987) . In this way we could also measure the faintest components of multiple systems. For the short exposures and the standard stars, we did only aperture photometry.
The broad-band photometry was calibrated with Landolt (1992) standard stars. Our survey is complete down to R ≃20 mag and I ≃19 mag. Since no set of standard stars is available for our narrow-and mediumband filters, no calibration was possible in these bands. A correction for atmospheric extinction was performed using the extinction coefficients from the fit of the Landolt stars for the R-band, in the case of the Hα filter, and the I-band, for the M 855 and M 915 photometry. For a better understanding of the emission properties, the Hα instrumental magnitudes were then shifted so that the main locus of the objects in each surveyed field corresponds to Hα − R = 0 in a (Hα, Hα − R) colour-magnitude diagram (see Sect. 4.1).
Since only a global fit for all the CCD chips could be performed with the Landolt standard stars, the main source of error in our photometric calibration is produced by the WFI chip-to-chip photometric variations, which can be as high as 3% in the broad-band filters and 5% in medium-band filters (Alcalá et al. 2002) . On the other hand, as reported in Paper 1, a systematic offset exists between images with different exposure times, in the sense of the resulting luminosities being brighter (typically by about 0.05 mag) for longer exposure times. The origin of this offset is so far unknown. To minimize this systematic error, we determined the offsets between the three different integration times, and then shifted the short and long integration times to the system of the medium integration.
The listed magnitudes are the average of the socorrected measurements only if the average error was lower than the errors of the individual measurements. If this was not the case, the measurement with the lower error was preferred. We estimate that our survey is complete down to R ≃21 mag and I ≃20 mag. The errors in the completeness range are in general not larger than 5%.
A more detailed discussion of the reduction, photometry and calibration procedures and of the sources of the photometric errors can be found in Paper 1.
Identification of new cloud members
Candidate selection
To identify low-mass members of our surveyed clouds, we proceeded as in our previous works (Paper 1 and Paper 2). Candidates were selected in an (I, R−I) colourmagnitude diagram around the position of a 1 Myr theoretical isochrone from the Chabrier et al. (2000) models, shifted to the estimated distance and extinction of the cloud.
Average extinction values of (A V ) CrA =0.47
−2.2 were estimated using the individual values measured by Neuhäuser et al. (2000) and Vuong et al. (2001) for two samples of stars seen in the direction of Corona Australis and Chamaeleon II, respectively. With the following relations:
(1)
derived from the extinction law of Rieke & Lebofsky (1985) , average colour excesses of E(R − I) CrA = 0.13
were computed for each region.
For the candidate selection, we took a 1 Myr theoretical isochrone from the dusty models of Chabrier et al. (2000) , shifted according to the distance and our estimated average extinction for each dark cloud. Fig. 3 shows the (I, R − I) colour-magnitude diagrams for our surveyed fields. Our brown dwarf candidates are the objects found around each reddened isochrone, with a maximum scatter in colour given by the lower and upper limit of the average colour excess as determined above. All objects found within the given colour ranges were selected as candidate low-mass members of the clouds. For comparison, the diagrams in Fig. 3 also show the position of the empirical isochrone used for candidate selection in Chamaeleon I (dotted line). Note that this line is placed towards bluer (R-I) colours than the theoretical Chamaeleon II isochrone (see lower panel in Fig. 3 ). This is consistent with the lower distance (160 pc) and extinction of Chamaeleon I with respect to Chamaeleon II. According to the theoretical models by Chabrier et al. (2000) , if these objects indeed belong to Corona Australis and Chamaeleon II, they must have masses ranging from the hydrogen burning limit (∼ 0.075-0.080 M ⊙ ) to about 0.005 M ⊙ . However, the large photometry errors at the lower part of these diagrams introduce some uncertainty in the membership of the faintest objects: As seen in Fig. 3 , a large number of the selected objects in both clouds have I >19.5 mag. With the assumed values of distance and extinction, the models give masses for them of M<0.012M ⊙ in Chamaeleon II and M<0.007M ⊙ in Corona Australis, which would place them below the deuterium burning mass limit (∼0.013M ⊙ ). However, most of these very faint candidates are found near the edge of our selection band; thus, a slight shift towards bluer colours caused by the photometric errors would place some of these objects outside our selection area in the colour-magnitude diagram. Moreover, these objects are also very faint in Hα, or not detected at all in this band. Taken all this into account, we conclude that they are more likely background objects, and remove them from our candidate lists for Corona Australis and Chamaeleon II. These objects are marked with 'x' in the diagrams of Fig. 3 , and won't be further considered.
In principle, a high contamination from older objects is not expected in the direction of these star forming regions. Their proximity and high Galactic latitude (b ≈ −17
• ) imply that the density of foreground objects must be very low in both cases. Moreover, the extinction suppresses detection of objects behind the dark clouds. Particularly, background contamination should be negligible towards the core seen to the north-west of our Chamaeleon II field ( Fig. 2) , because the extinction is larger in this area (see e.g. Vuong et al. 2001; Mizuno et al. 1999) . This is consistent with the low number of objects detected in the area of interest of the corresponding (I, R − I) colour-magnitude diagram (lower panel in Fig. 3 ), once the faintest objects are discarded for the reasons explained above.
Probable members
In a second step, probable cloud members were selected by means of their Hα − R colour. As shown in Paper 1, this colour is a useful estimation of the level of Hα emission, a common youth diagnostics. Hence, if our candidates showed Hα emission, they were likely to be young objects, and thus members of the star-forming region. Fig. 4 shows the (Hα, Hα − R) colour-magnitude diagrams for our surveyed areas in Corona Australis and Chamaeleon II. For the brightest objects, we applied the same criterion as in previous works (Lamm et al. 2005 ; Paper 2), retaining the objects with
as probable cloud members.
In the case of Chamaeleon II, this procedure left us with only one good candidate, ChaII 376. This object is found to have clear Hα emission, its Hα − R colour being as negative as those exhibited by some brown dwarfs and very low-mass stars in Chamaeleon I (see Fig. 3 in Paper 1). However, as outlined below (Sect. 4.3), its derived spectral type is inconsistent with a brown dwarf. In Corona Australis, 13 candidates are retained as probable cloud members.
The non-detection of Hα emission does not completely rule out the rest of the objects as members of Corona Australis and Chamaeleon II. (2005) found a considerable number of very low-mass stars on the basis of their variability, many of which showed no detectable Hα emission. Indeed, we later added one object to the Corona Australis and two to the Chamaeleon II candidate lists based on their infrared properties (see Sect. 4.4 below). The rest need confirmation of their status by follow-up observations.
Spectral types
To identify the spectral types of our candidates, we followed the method outlined in Paper 1, based on the observations of field M-and early L-dwarfs in the two mediumband filters M 855 and M 915. The former lies in a spectral region including the TiO and VO absorption bands used to classify medium and late M-type objects (see Kirkpatrick et al. 1991) . The filter M 915 covers a pseudo-continuum region in these late-type objects. In Paper 1, a correlation was found between the M 855-M 915 colour index and the spectral type for the range M4-M9. This enabled us to derive spectral types for our brown dwarf candidates from their position in a (M 915, M 855 − M 915) colour- magnitude diagram. We estimated an error of 1-2 subclasses in this calibration. For spectral types earlier than M4 the M 855-M 915 colour saturates, because the TiO and VO features are not prominent or not present at all in the spectra. Therefore, it is not possible to determine spectral types earlier than M4 with this method.
A second correlation, of opposite sign, was found for spectral types L0-L2, due to the progressive disappearance of the TiO and VO from the spectra. In this case, however, the uncertainties are larger than for late M-type objects, given that extincted early M-objects would be placed in the same region of the colour-magnitude diagram.
Based on comparison with published spectral types for some previously identified Chamaeleon I members, in Paper 1 we estimated that about 80% of the spectral types derived with this photometric method are correct (within the quoted errors). Wrong spectral types would be derived, though, for highly extincted objects and unresolved binaries. Comerón et al. (2004) report an objective prism survey of the entire Chamaeleon I cloud, providing long-slit spectroscopy and V RIJHKs imaging of the identified candidates. Seven of their objects are also included in our Chamaeleon I survey, and our given spectral types agree fairly well with the ones provided by these authors. Luhman (2004a) provides optical spectroscopy for 179 possible members of this dark cloud. Of the 25 objects in common with our own survey, 17 have spectral types that are in good agreement with our photometric classification. For another four objects, Luhman (2004a) gives spectral types which are still marginally coincident with our predictions. Hence, 100% of our objects in common with Comerón et al. (2004) and at least about 68% of our objects in common with Luhman (2004a) have photometrically derived spectral types confirmed and refined by these authors. This makes a total of 75% of coincidence between the spectroscopic and the photometric spectral types (within the estimated errors), in fairly good agreement with the expectations. The discrepancies correspond to earlier type objects for which our method yielded a much later spectral type, probably due to local high extinction towards them.
A detailed discussion of this photometric spectral type classification, its error sources and its limitations can be found in Paper 1. Fig. 5 shows the (M 915, M 855 − M 915) colourmagnitude diagrams for our surveyed fields in Corona Australis and Chamaeleon II. Many of our brightest candidates in both clouds have spectral types earlier than M6 according to these diagrams. Hence, if they belong to the cloud, they must be low-mass stars. Only a few Hα emitters in Corona Australis with spectral types between M6.5 and M9 could be brown dwarfs. Some non-emitters in both clouds could also have spectral types corresponding to the brown dwarf regime.
The M 855-M 915 colour of our single clear Hα emitter in Chamaeleon II, ChaII 376, is remarkably bluer than expected for M-type objects (M 855 − M 915 = −0.02). This might be an indication of a very early spectral type. The object might be either an extincted early-type member of Chamaeleon II or an older Hα emitting object, such as an AGB star. Even if its membership of the star forming region were confirmed, ChaII 376 is not likely to be a brown dwarf.
The WFI photometry and the estimated spectral types for all the probable members of Corona Australis (as well as an infrared selected candidate, see Sect.4.4.1 below) are summarized in Table 3 . This table also includes the WFI photometry for ChaII 376 and other possible members of Chamaeleon II (see Sect. 4.4.2) . Note that only three objects in Corona Australis and two in Chamaeleon II have estimated spectral types that are clearly substellar for the age of these regions. 
Infrared detections
We made use of the database of the 2MASS survey 2 and of published results from other authors to look for nearinfrared counterparts of the objects (with and without Hα emission) in our initial candidate lists for both clouds. Moreover, we also checked whether some of our optical sources had been detected in the mid-infrared by ISOCAM or Spitzer. In this way, we intended not only to further confirm the youth of our Hα emitters, but also to identify new candidate cloud members.
Infrared sources in Corona Australis
All the probable Corona Australis members from Table 3 have a near-infrared counterpart within about 1 ′′ , except CrA 205, CrA 432, and CrA 452, for which the closest 2MASS source is found at about 1.9, 2.1, and 1.5 ′′ , respectively. However, all three objects are placed in areas of high cloud density, and no other optical source is seen in our WFI images that could correspond to the nearinfrared detection. We therefore identified the 2MASS sources with our new cloud members. The near-infrared photometry for all our Hα emitters (and one object with mid-infrared excess, see below) is summarized in Table 4 . Two of these objects (CrA 465 and CrA 468) had also previous near-infrared photometry available from Wilking et al. (1997) . In addition, six objects without Hα emission from our initial candidate selection also have 2MASS counterparts.
The upper panel of Fig. 6 shows the (J − H, H − K) colour-colour diagram for all the 2MASS detected objects in Corona Australis. The locus of dereddened dwarfs and giants (Bessell & Brett 1988 ) is also indicated, as well as the direction of the reddening vector and the positions of a 1 Myr isochrone from the models of Baraffe et al. (1998) for different values of extinction. We see that most of the objects without Hα emission are placed at high values of extinction (A V 10 mag), while the Hα emitters all have low extinction, consistent with our selection criterion in Sect. 4.1. However, since none of our objects has a nearinfrared excess, we cannot confirm their young status.
Among the Hα emitters, the most extincted objects are CrA 432 and CrA 453 (A V ≃1.5 mag). The former has an estimated spectral type of M7 and is considered a brown dwarf candidate in Table 3 ; however, according to the models of Chabrier et al. (2000) , our estimated mean cloud extinction, and the temperature scale of Luhman (1999) , and with an extinction of A V =1.5 mag, CrA 432 should have a spectral type of about M8.5, even later than our classification. It might be that this apparent underluminosity is intrinsic to the object itself, as in the case of another member of the R CrA cloud, LS-RCrA 1 (Fernández & Comerón 2001) . Possible causes could be extinction by surrounding dust or accretion processes. Also CrA 453 seems too faint for its estimated spectral type (M4).
Corona Australis has also been observed in the midinfrared by the ISO satellite (Olofsson et al. 1999) . Unfortunately, the ISOCAM observations could not map the densest part of the cloud core, because the brightest stars would have saturated the detector. Therefore, the overlap with our own survey is small. Still, we find five objects in common with these authors: CrA 452 (ISO-CrA 98), CrA 466 (ISO-CrA 127), CrA 4107 (ISOCrA 177), CrA 4109 (ISO-CrA 146) and CrA 4110 (ISOCrA 123). The mid-infrared photometry for all these objects is listed in Table 4 .
With a single exception, all the ISOCAM detected sources have Hα emission according to their Hα−R colour. The position of the only non-emitter, CrA 466, in the near-infrared colour-colour diagram could correspond to a highly extincted young star or to a field dwarf. In the WFI mosaic, this object is found at the upper right corner of the CCD#55. No other object is seen nearby, and the mismatch in the coordinates of the optical and the mid-infrared source is of only 1 ′′ . However, given the gaps between the different CCDs and the pointing errors of the ISOCAM positions, we cannot exclude that the true counterpart of the ISOCAM source is another star not seen in our images. Still, with a Hα − R colour of -0.16, Hα emission from this object cannot be completely ruled out, given the errors in that part of the colour-magnitude diagram (upper panel of Fig. 4 ). CrA 466 is further discussed in Sect. 5.2. Vuong et al. (2001) report a list of objects in Chamaeleon II that have near-infrared excesses according to DENIS IJKs photometry. We only find two objects in common with these authors (C30 and C31), which represents 10% of the DENIS sources in the overlapping area. If they indeed belonged to Chamaeleon II, both of these DENIS objects would have spectral type M4 according to our calibration. Hence, they would be low-mass stars. However, neither of them is a Hα emitter according to our WFI photometry.
Infrared sources in Chamaeleon II
We also searched for near-infrared counterparts to our Chamaeleon II objects in the database of the 2MASS survey. We found five positive detections, including ChaII 376 and both of our DENIS objects.
The lower panel of Fig. 6 shows the (J − H, H − K) colour-colour diagram for our 2MASS detected objects in Cha II. The locus of dereddened dwarfs and giants (Bessell & Brett 1988 ) is also indicated, as well as the direction of the reddening vector and the positions of a 1 Myr isochrone from the models of Baraffe et al. (1998) for different values of extinction. Most of our near-infrared detected candidates have optical extinction values A V in the range 2-5 mag according to this diagram. These values are in agreement with our selection criteria from Sect. 4.1. No evident excess emission can be inferred from the nearinfrared colours, as the objects are all placed along the reddening band. Hence, we cannot separate cloud members and non-members with these data.
The position of ChaII 376 in Fig. 6 is consistent with that of an unreddened 0.030 M ⊙ brown dwarf (M8) according to the theoretical 1 Myr isochrone. However, its optical colours are bluer than expected for this age and mass, and suggest a more massive substellar object (M ∼ 0.060 M ⊙ ). Moreover, in Sect. 4.3 it was not possible to assign a spectral type to this object by means of its (M 855 − M 915) colour. In view of these considerations, and since Hα emission is not exclusive of young objects, ChaII 376 might be an older active star. The 2MASS photometry of this object is given in Table 4 .
Two objects, ChaII 304 and ChaII 305, have the same 2MASS counterpart. They are seen close to each other in the WFI images (∼ 2 ′′ ) and have similar brightness and colours. Visual inspection confirmed that the pair is not resolved in the 2MASS J-band image (which has a pixel size of 2 ′′ ). Thus, the near-infrared photometry provided in Table 4 seems to correspond to the unresolved pair. In the (J − H, H − K) colour-colour diagram, the 2MASS counterpart is placed towards the right of the reddening band at an extinction value of about 2.6 mag (the average value used for candidate selection in Sect. 4). Interestingly, both members of this visual pair have similar optical photometry, consistent with two objects close to or right below the deuterium burning mass limit (0.015-0.012 M ⊙ ) according to the Chabrier et al. (2000) models. The nearinfrared colours of the 2MASS detection, however, are consistent with a single object of this mass. Given that no close neighbour is seen in the 2MASS image, this may indicate that the unresolved pair is not a very low-mass object in Chamaeleon II. A further possibility is that one of the two objects from our WFI images is a background star whose near-infrared magnitudes are fainter than the 2MASS detection threshold. In this latter case, the remaining object (most likely ChaII 304, whose position is closer to the 2MASS source) would have optical and nearinfrared colours consistent with a planetary mass object (∼ 0.012 M ⊙ ) in Chamaeleon II (according to the Chabrier et al. models). The WFI photometry for ChaII 304 and ChaII 305 is summarized in Table 3 , as well as the estimated spectral type and their classification if they were members of the dark cloud.
The two DENIS objects C30 and C31 are placed along the direction of the reddening vector for giants. Both objects show a featureless optical spectrum according to the observations by Barrado y Navascués & Jayawardhana (2004b), which did not allow these authors to conclusively confirm or exclude their membership to Chamaeleon II. Although these objects could still be extincted cloud members (A V ∼5 mag), it seems more probable, in view of their position in the (J − H, H − K) diagram, that they belong to the background.
3 The other objects without Hα emission have ambiguous positions in the (J − H, H − K) colour-colour diagram: They could be moderately extincted Chamaeleon II members or background dwarfs.
We also cross-correlated our candidate list with that of the Chamaeleon II ISOCAM sources provided by Persi et al. (2003) , but none of our objects has a mid-infrared excess according to these authors. Young et al. (2005) do not detect any of our candidates either in their Spitzer-MIPS survey, covering more area at longer wavelengths and with greater sensitivity.
3 Barrado y Navascués & Jayawardhana (2004b) compare the 2MASS photometry of the DENIS sources provided by Vuong et al. (2001) with that of confirmed Chamaeleon II members, showing that, in general, the DENIS objects lie above the main CTTS locus (Figure 4b in that work) .
Object classification
After the selection process described above, we are left with 12 good candidate members of Corona Australis that are Hα emitters. Nine of them have spectral types earlier than M6, and are classified as very low-mass stars. The remaining three candidates have estimated spectral types M7-M8.5, corresponding to brown dwarfs. This classification is summarized in Table 3 . We also include in this table the star CrA 466, which has a mid-infrared excess but no clear Hα emission.
In Chamaeleon II, ChaII 376, our only Hα emitter, seems to be more likely a foreground star. Still, the pair formed by ChaII 304 and ChaII 305 could contain one or two objects in the transition from brown dwarfs to planetary mass objects.
Properties of the new very low-mass members of Corona Australis
Spatial distribution and visual binaries
As seen in Fig. 1 , all but one of our new Corona Australis members are located within our northern WFI field, CrA-4. This is not surprising, given that this field contains the cloud core where most of the previously known members of this star forming region are located (the Coronet cluster). The objects tend to be clustered around the star R CrA. In Fig. 7 , we show the number of our objects found at different distance bins from this star. There are no obvious differences in the spatial distribution of lowmass stars and brown dwarf candidates. Moreover, similar to the case of Lupus 3 (Paper 2), most of our new Corona Australis members are placed at distances 5-15
′ from the intermediate-mass star. Note that objects very close to R CrA might be blended by this brighter star and its associated reflection nebula.
Given the low number of objects, we cannot use the observed distribution to test the proposed formation scenar- ios. We remark, however, that this distribution suggests a connection between the very low-mass objects and the cloud core containing the star R CrA, in agreement with the results in Chamaeleon I (cf. Paper 1) and Lupus 3 (cf. Paper 2).
We also checked for possible binary systems among our new Corona Australis members. Within a maximum estimated radius of about 9 ′′ (about 1170 AU, calculated, as in Paper 1 and Paper 2, by estimating the mean object surface density in our surveyed region), we do not find any visual pair among our objects. Nonetheless, several objects have faint neighbours that were not considered candidates according to our selection criteria, because their colours did not match those expected for young very low-mass objects. More interesting, the brown dwarf candidate CrA 444 could have a faint companion at about 3 ′′ (390 AU) that was not found by the automatic search (see Fig. 8 ). This object, CrA 444b, is only visible in our deep I exposure.
We made an attempt to measure CrA 444b using a small aperture to remove as much of its brighter neightbour as possible, and then performing a correction based on other nearby objects of similar brightness to get an approximate instrumental I magnitude. The obtained value is about 4 magnitudes fainter than the instrumental I magnitude for CrA 444. In absolute photometry, CrA 444b must have I ∼19 mag. Given that this object is not seen in the R-band images, its R magnitude must lie below our survey completeness limit, R 21 mag. The optical colour of CrA 444b seems thus to be similar to that of ChaII 304 and ChaII 305 in Chamaeleon II. If it belonged to the cloud, the companion to CrA 444 would have a mass below the deuterium burning limit (∼ 0.013 M ⊙ ).
Infrared properties
As seen in Table 4 , most of the ISOCAM detected objects are very faint and visible only at 6.7 µm. Only two objects, CrA 4107 and CrA 466, are detected in both bands. Both of them have a mid-infrared excess.
CrA 4107 (ISO-CrA 177) is a star (M4.5) with a very blue Hα − R colour (-1.1), implying strong Hα emission. These properties strongly suggest that CrA 4107 is young and has an accretion disk. A similar correlation between Hα emission (detected as a blue Hα − R colour) and a mid-infrared excess had also been found in several Chamaeleon I very low-mass objects (Paper 1).
CrA 466 (ISO-CrA 127) is the only object without Hα emission in the sample, although this classification might be ambiguous, because its Hα − R colour (-0.16) would place it among the emitters if it were a little bit brighter. Curiously, this is also the brightest mid-infrared source. In the (J −H, H −K) diagram, CrA 466 is found in the centre of the reddening band with an extinction value of about 8 mag. However, this is not a particularly faint source either in the optical (I=16.01 mag) nor in the near-infrared (J = 12.834 mag, K = 10.453 mag). An independent estimation of the extinction towards this object from its R−I colour and its estimated spectral type (M4.5) yields a extinction value of only A V ≃ 2.15 mag. (We used the intrinsic colours from Comerón et al. 2000 in this computation.) Hence, it seems that the near-infrared colours of CrA 466 could be intrinsic to the object rather than caused by high extinction, which also hints to the presence of circumstellar material and/or accretion. Follow-up spectroscopy of this star might confirm the presence of Hα emission.
Hα emission
The relation between the Hα − R colour index and the spectral type is shown in Fig. 9 . Like in previously studied regions (cf. Fig. 13 of Paper 1 and Fig. 7 of Paper 2), an increase of emission towards later spectral types might be present. However, given the faintness of these later-type objects, this apparently strong emission might be just the consequence of a lower continuum.
To better study the emission properties of our objects, we proceeded as in our previous works (Paper 1 and Paper 2). First, a Hα pseudofluxF Hα was computed as:
where m Hα denotes the Hα (instrumental) magnitude, and F 0 is a hypothetical Hα absolute flux. Note that this is not the flux in the Hα emission line, which requires spectroscopy to be measured. From this quantityF Hα , a Hα pseudoluminosity was computed using the distance estimate of 130 pc.
The upper panel in Fig. 10 shows logF Hα versus the spectral type for our objects in Corona Australis. Paper 2). On the other hand, no trend with the spectral type is found either in the ratio of Hα pseudoluminosity to bolometric luminosity,L Hα /L bol .
4 This is in agreement with our results in other regions (cf. Paper 1 and Paper 2).
No brown dwarfs in Chamaeleon II?
Our survey in Chamaeleon II has provided no good candidate members in this star forming region. Our only Hα emitter has been almost completely discarded as a young very low-mass object, because its inferred mass and spectral type from optical and near-infrared photometry are not consistent with each other. It seems also unlikely that the objects without Hα emission detected by 2MASS are members of Chamaeleon II, since they do not exhibit appreciable near-infrared excesses.
Although the surveyed area is relatively large, these results do not automatically imply a lack of brown dwarfs in Chamaeleon II. Not all young objects show Hα emission or near-infrared excess; thus, it cannot be excluded that some of the objects in our candidate list might eventually turn out to be young members of this dark cloud. Furthermore, it must be taken into account that Chamaeleon II is a very large region: It has an extension of about 1.5 deg 2 and contains eleven cores according to C 18 O measurements (Mizuno et al. 1999) . Our field ChaII-3 covers only part of one of these cores. Moreover, given the large and variable extinction in this region, objects deeply embedded in the cloud might not be detectable at optical passbands. Hence, the apparent lack of brown dwarfs inferred from our survey might be due to selection effects.
Another thing to keep in mind is that very few T Tauri stars (the higher mass counterparts to the young brown dwarfs) are known in Chamaeleon II. The brown dwarf population identified so far in the neighbouring Chamaeleon I cloud is about 10% of its stellar population (e.g. Comerón et al. 2000; Paper 1; Luhman 2004a) . If the same ratio held also for Chamaeleon II, we would expect to find only two brown dwarfs in this dark cloud.
Conclusions
We have presented the results of a deep multi-band survey in the Corona Australis and Chamaeleon II star forming regions. Low-mass member candidates were selected from RI and Hα photometry, and spectral types were assigned by means of their M 855-M 915 colours.
In Corona Australis, we identified ten stars and three brown dwarf candidates in an area of about 0.6 deg 2 , mostly located in the area of the Coronet cluster. All but one of these objects exhibit Hα emission according to their Hα − R colours. The only non-emitter included in our final sample, CrA 466, is the probable counterpart of an ISOCAM source with mid-infrared excess. Its Hα emission is not clear in our data due to the photometric errors. Apart from this low-mass star, other four objects from our candidate list had been detected by ISOCAM, but only one, CrA 4107, shows a mid-infrared excess. This M4.5 object is also a strong Hα emitter. Hence, it is most probably surrounded by an accretion disk.
There is no obvious difference in the spatial distribution of stars and brown dwarf candidates: They all tend to be clustered around the intermediate mass star R CrA. However, the number of objects is too low to drive any significant conclusions about their formation process from this distribution.
The visual binary frequency of our Corona Australis objects is very low: None of our candidate members has a close neighbour with colours suggesting membership of the star forming region. The only exception is the brown dwarf candidate CrA 444, which has a faint close companion in our deep I exposure. More observations are needed to certify whether this is a real double system.
In Chamaeleon II, an area of about 0.6 deg 2 was observed to the North-West of the cloud. We do not find any good candidate members in this region. Our only Hα emitter, ChaII 376, seems to be a foreground star. A pair of very faint objects, ChaII 304 and ChaII 305, are identified with a near-infrared source from the 2MASS survey. The colours of these objects are consistent with two lowmass brown dwarfs or planetary mass objects close to the deuterium burning limit. However, they need spectral confirmation of their true nature. The rest of objects could be extincted young Chamaeleon II members or older field stars. Since none of them shows Hα emission or an infrared excess, nothing can be stated until spectroscopy is available for them.
Given these results and the uncertainties in our analysis, we are led to the conservative conclusion that it is unlikely that the identified candidates are substellar members of Chamaeleon II. Hence, our data seem to indicate a lack of brown dwarfs in this dark cloud. We cannot exclude, however, that this result is a consequence of having surveyed only a limited region. The Chamaeleon II dark cloud has an extension of about 1.5 deg 2 and contains eleven cores according to C 18 O measurements (Mizuno et al. 1999) . Moreover, deeply embedded brown dwarfs might not be detected in optical passbands. Larger and deeper surveys are needed to state if the deficit of brown dwarfs observed here is real.
